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Background: Although impacts of edge effects on forest ecosystems are well known, their consequences on savannas have
rarely been explored.
Aims: To investigate the inﬂuence of edge effects on the plant community and microclimate of a cerrado fragment in south-
eastern Brazil.
Methods: Several plant community variables (density, basal area, richness and cover by each vegetation layer) and
microclimatic variables (light, air temperature and humidity), were measured in 10 transects across a savanna fragment
surrounded by exotic grasses, and were used to ﬁt semi-parametric models relating these variables with the distance from the
habitat edge.
Results: Differences in microclimate and tree communities were poorly related to distance from the edge. On the other hand,
there were detectable edge effects on the ground layer community (i.e. plants less than 50 cm in height). Edges had a
negative effect on native plants of this layer (density and richness of all species and cover of native grasses), while favouring
invasive grasses.
Conclusions: Unlike reports for edge effects in forest ecosystems, microclimate does not explain changes in this cerrado
fragment. The most signiﬁcant edge effect threatening the conservation of cerrado vegetation is the widespread invasion by
African grasses. Starting from the fragment borders, this invasion causes changes in the structure and composition of the
native plant community, thus jeopardising the population dynamics and persistence of native species.
Keywords: African grasses; biological invasion; Brazilian savanna; ecosystem structure; fragmentation; microclimate;
pasture matrix
Introduction
Edge effects are considered one of the most important con-
sequences of habitat fragmentation in regard to conservation
of biodiversity (Saunders et al. 1991; Harrison and
Bruna 1999; Zheng and Chen 2000; Ries et al. 2004;
Fletcher 2005). Exposed edges undergo changes in popula-
tions, communities and ecological processes (Malcolm 1994),
and are more susceptible to biological invasions than the core
area of isolated remnants (Fraver 1994; Cadenasso and
Pickett 2001). Such changes modify the interactions between
species and the movement of resources and organisms (Wiens
et al. 1993), eventually affecting the dynamics and structure
of natural ecosystems as a whole (Ries et al. 2004; Ewers
et al. 2007).
Edge effects can be deﬁned as changes in ecosystem
attributes and processes at the transition areas between
adjacent vegetation types (Murcia 1995; Fonseca and
Joner 2007), generating biotic and abiotic gradients from
the borders to the interior of forest fragments
(Murcia 1995). As proposed by Murcia (1995), edge
effects can be classiﬁed as abiotic, direct biological or
indirect biological. Changes due to the inﬂuence of the
surrounding matrix on the microclimate (as shown by
Matlack 1993; Chen et al. 1999) are the abiotic effects.
Biological effects are direct when species composition and
their distribution change as a consequence of matrix inﬂu-
ence on the environment (see Williams-Linera 1990;
Benitez-Malvido 1998; Laurance et al. 1998; Yates
et al. 2000). Indirect biological effects are changes in
interactions between species and ecological processes
(demonstrated by Cadenasso and Pickett 2000; Laurance,
Williamson, et al. 2001; Vasconcelos and Luizão 2004).
In forest ecosystems, edge effects are extremely vari-
able in relation to both length (distance from the edge) and
magnitude (Murcia 1995). Part of this variation is a result
of the interaction of several variables including spatial
factors, such as orientation and location of the edge
(Chen et al. 1995; Murcia 1995) and intrinsic character-
istics of the matrix and the fragment (Harper et al. 2005).
Among the intrinsic characteristics of ecosystems, Didham
and Lawton (1999) highlighted the structure of the edge,
or the type and physiognomy, as factors that modulate the
effects of microclimate on forest edges.
In general, the consequences of edge effects on forest
ecosystems are relatively well known. Savanna ecosys-
tems, however, have been considered by few studies
(Spector and Ayzama 2003; Hennenberg et al. 2005;
Porensky 2011) which provided little generalisation. If
*Corresponding author. Email: gutohm@eesc.usp.br
Plant Ecology & Diversity, 2015
Vol. 8, No. 4, 493–503, http://dx.doi.org/10.1080/17550874.2015.1014068
© 2015 Botanical Society of Scotland and Taylor & Francis
the physical and structural characteristics of the ecosys-
tem, the matrix and the edge itself are determinant factors
modulating the edge effects (Camargo and Kapos 1995),
the consequences of fragmentation on the borders of
savanna ecosystems are expected to be different from
those observed for forest ecosystems.
In Brazil, the savanna biome is represented mainly by the
cerrado, characterised by a wide range of physiognomies and
high species diversity and endemism (Klink and
Machado 2005). Despite its high biological value, the
biome has been extensively reduced and fragmented by the
expansion of agriculture and pasture (Ratter et al. 1997; Sano
et al. 2010). In São Paulo State, Kronka et al. (1998) reported
that only 0.6% of cerrado remnants are larger than 400 ha, and
most have been threatened by biological invasion (Pivello,
Carvalho, et al. 1999; Machado et al. 2004; Durigan
et al. 2007). In addition to fragmentation, human actions
have considerably changed the natural ﬁre regime in the
cerrado remnants, in some cases by increasing its frequency
(Miranda et al. 2002; Dias 2006; Pivello 2011) while in others
totally suppressing ﬁres (Durigan and Ratter 2006). Although
a strong ecological relationship exists between ﬁre and cer-
rado as an evolutionary force (Miranda et al. 2002; Dias 2006;
Simon et al. 2009; Hoffmann et al. 2012), this is dependent on
the maintenance of the natural ﬁre regime. If ﬁre frequency
becomes higher than it was historically, physiognomies of the
cerrado turn into more open forms with grasses increasing,
favouring more intense and frequent ﬁres (Miranda
et al. 2002), particularly when these grasses are invasive.
Although the main ecological factors threatening the
cerrado remnants have been identiﬁed, the relationships
between these factors and changes in their magnitude after
fragmentation and isolation are remain unclear. In this study,
we assessed the plant community and microclimate
(photosynthetically active radiation, air humidity and
temperature) at different distances from the edge of a cerrado
remnant surrounded by pasture, which is the most common
land use in the cerrado region. We examined whether plant
community structure and composition are explained by biotic
and abiotic factors related to distance from the edge, and
discuss their implications for cerrado conservation.
Materials and methods
Study site
The study area is located in the municipality of Iaras, south-
west of the state of São Paulo, Brazil (22°48′ S, 49°02′ W).
The climate is hot and humid with dry winters, the average
temperature of the coldest month is below 18 °C while that
of the hottest month often exceeds 22 °C. Annual rainfall
ranges from 1000 to 1300 mm, and total rainfall in the driest
month is ca. 30 mm (EMBRAPA 2010). The soils at the
study site are classiﬁed as Arenosols (FAO 1998).
Native vegetation has been virtually eliminated from
the landscape in the region, with about 10% remaining,
80% of which are smaller than 20 ha (Kronka et al. 2005).
Pastures are the dominant matrix in the study region, as is
the case for 78% of cerrado remnants in São Paulo State
(Durigan et al. 2007) and 74% over the whole country
(Sano et al. 2010).
From the few large cerrado fragments remaining in the
region we selected one that met the following requisites:
(1) sufﬁciently large to contain a core area presumably free
of edge effects (the fragment covers 980.8 ha and is
5300 m long and 1350 m wide at the narrowest section);
(2) edges exposed to pasture matrix for a period sufﬁcient
to assure that the matrix has inﬂuenced the plant commu-
nity (historical data of the property – Rio Pardo Farm –
registers at least one hundred years of use as pasture); (3)
physiognomy of cerrado stricto sensu, free from riparian
inﬂuence; (4) no evidence of disturbance other than frag-
mentation; and (5) a homogeneous edge (the same expo-
sure to sunlight) large enough to permit replicate sampling
(transects were set along a continuous, 2132-m length of
west-facing edge).
All pastures around the fragment were composed of
native grasses until the 1970s, when they were gradually
replaced by the more productive African grass Urochloa
decumbens (Stapf) Webster, as happened throughout the
country. Fire was historically used every two years on the
property to renew the pastures and to reduce woody
growth, a common practice throughout the cerrado biome
for centuries (Dias 2006). The use of ﬁre was discontinued
at this property 14 years before this study began, and all
fragments of native vegetation were fenced to exclude
cattle. Outside the fenced areas, woody vegetation has
often been mechanically cleared to avoid encroachment
of trees and shrubs, pastures are fully covered by
U. decumbens (Figure 1 presents an overview of the
transition matrix fragment).
Sampling design
We planned the sampling design to detect possible varia-
tions in vegetation and microclimatic variables that could
Figure 1. Proﬁle diagram representing the transition from the Matrix (pasture) to the fragment of cerrado stricto sensu vegetation at the
study site, south-eastern Brazil.
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be related to distance from the edge of the fragment. We
allocated 10 sets of plots (replicate transects) systemati-
cally distributed every 100 m. Each set included ﬁve
5 m × 50 m plots (250 m2) located at distances of 0, 10,
20, 40 and 80 m, perpendicular to the edge. The plots were
oriented with their long dimension parallel to the edge.
Five subplots (1 m × 5 m) were systematically set at 90°
within each plot for sampling shrubs and subshrubs.
Subshrubs, which occur at high density, were sampled in
all subplots in seven of the 10 transects. Microclimatic
variables were measured within each plot and in the
matrix, at 10 m from the edge of the fragment in line
with the plots.
Vegetation
To investigate the edge effect on the plant community, we
ﬁrst assessed the density, richness and basal area of three
separate strata: (1) arboreal stratum: plants with stem
diameter measured at 30 cm above ground (DA30 cm) ≥
5 cm; (2) intermediate stratum: shrubs, forbs and young
trees. Includes all plants with DA30 cm < 5 cm and height
(h) ≥ 50 cm; and (3) subshrubs stratum: plants with a
woody basal stem and h < 50 cm. Every stem isolated at
ground level was considered as an individual for density
estimation.
Whenever possible, specimens were identiﬁed in the
ﬁeld and botanical material was collected for later identi-
ﬁcation when necessary. In each plot, we measured the
diameter (DA30 cm) of every stem ≥ 5 cm to estimate basal
area. In the subplots we counted individuals of each spe-
cies, separating the intermediate stratum (h ≥ 50 cm) from
the subshrubs (h < 50 cm).
Secondly, we assessed vegetation cover using the line
intercept method (Canﬁeld 1941), along one 50 m line
crossing each plot longitudinally. To avoid underestima-
tion due to overlapping canopies, the three following
layers were separately measured: arboreal, intermediate
(shrubs and forbs) and ground cover, the last including
native grasses, exotic grasses and bare soil.
Therefore, variables obtained for each of the three
strata were as follows: density (individuals ha−1), richness
(number of species per plot) and coverage (%). Basal area
(m2 ha−1) represents the community as a whole.
Microclimate
Within each plot and in the matrix (10 m from the edge),
we measured air temperature, relative humidity and inci-
dent light (photosynthetically active radiation, PAR).
We recorded air temperature and humidity during two
periods, one in the dry season (August) and the other in
the rainy season (February), considering that the edge
effect could vary between periods. We used a set of digital
thermo-hygrometers (LASCAR Electronics, model EL-
USB3) with an accuracy of ±1 °C and temperature limits
of −25 to 80 °C, one in each plot.
The devices were installed along the longitudinal axis
of each plot, at 5 m from its smaller dimension of the plot,
50 cm above ground and protected from direct sunlight.
We programmed the devices to simultaneously record
temperature and relative humidity at 1-h intervals for a
period of 48 h in each season. Variables of interest at each
plot included maximum, minimum and daily range of air
temperature and relative humidity. We chose extreme
values assuming that these would exert greater inﬂuence
as abiotic ﬁlters for the establishment and persistence of
plant species in a given ecosystem. In addition, increased
variability in temperature or humidity is an expected edge
effect.
We measured PAR on a single sunny day in the dry
season, from 0900 to 1200 h. We sampled PAR at two
heights: 10 cm (to detect potential effects of distinct types
of ground cover) and 100 cm above ground (canopy cover
effect). Since PAR is highly variable in the patchy cerrado
vegetation, three measures were taken along the longitu-
dinal axis of each plot: in the middle and 5 m from both
extremes, and corresponding positions in the matrix. The
average of these measurements obtained for each distance
was used to generate the values of the relative variable of
PAR representing each plot.
We used two sensors for photosynthetically active
radiation (LI-190 Quantum), each coupled to a digital
Photonﬂux (LI-COR, LI-250A) with resolution of 0.1
µmol·s−1·m−2. Due to the limited number of devices, and
in order to attempt to dilute a possible difference in radia-
tion due to the time interval between measurements at
different distances, for PAR variable we used the relative
values of measures obtained in the fragment and the pas-
ture matrix normalised by the value obtained simulta-
neously in the matrix. To do so, one of the devices was
ﬁxed in the matrix while the other was used for measure-
ments within the fragment, taken simultaneously by two
observers communicating by radio. Data from all distances
in the same transect were collected at intervals of less than
10 min.
Data analysis
We present the descriptive results for all vegetation and
microclimatic variables, categorised by distances in box-
plots. This type of analysis is (1) more adequate and
informative, because it provides a graphical view of the
behaviour of the variables taken at each distance; and (2)
consistent, since most microclimatic variables do not have
normal distribution.
We used statistical models to assess the edge effect on
the plant community due to microclimate variables.
Previous analyses showed that the normality assumption
is not appropriate for the majority of the variables of
interest. Thus, regular statistical tools such as standard
regression models and correlation analyses are inadequate.
As an alternative, the generalised additive models for local
shape and scale (GAMLSS) models take into account the
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correlation among measurements and permit the assess-
ment of relationships among variables.
We ﬁtted semi-parametric models using plant commu-
nity and microclimatic variables as a function of distance
from the edge (the predictor variable). After identifying
the variables that were altered as a function of distance
from the edge, we established new semi-parametric mod-
els with the selected variables to explain possible relation-
ships between plant community and microclimatic
variables. The cover of exotic grasses was used in the
analyses as either a response variable (as a function of
distance) or a predictor variable (as a cause of changes in
the native plant community).
All models were ﬁtted in R (R Development Core
Team 2010) using the GAMLSS package (Rigby and
Stasinopoulos 2008). For each ﬁtted model, a standard
procedure was established. Initially we investigated char-
acteristics of the data distribution, such as kurtosis and
asymmetry, to determine which distribution was best sui-
ted for modelling each response variable. When the
assumptions of normality were not violated, normal dis-
tribution (NO) was preferred. When asymmetry or devia-
tions in kurtosis were observed, we used inﬂated beta
distribution (BEinf), Box-Cox Cole and Green (BCCG)
and Box-Cox t (BCT) to ﬁt the models.
In cases where the models were ﬁtted with multiple
predictors, we investigated the correlation between
predictors and selected the set of predictor variables using
the sequential–selection, backward–stepwise procedure
using the stepGAIC function of the GAMLSS package
(Stasinopoulos and Rigby 2007). The ﬁnal model selection
was carried out using the Generalized Akaike Information
Criterion (Rigby and Stasinopoulos 2005). We evaluated
the model-estimated parameters with t tests and associated
P values to determine signiﬁcance in relation to the pre-
dictor variable of interest. We considered an edge effect to
occur over a response variable when the parameter ‘distance
from the edge’ was considered signiﬁcant at the 5% level
(P < 0.05) in the ﬁtted models. Additionally, we considered
the inﬂuence of a predictor as an inducer of an edge effect
when the microclimate or grass cover regressors, selected
by the sequential selection procedure, were considered sig-
niﬁcant at the 5% level (P < 0.05) in the adjusted model for
variables describing the plant community attributes.
Results
Structure and richness of plant community and distance
from the edge
Descriptive analysis gave us a good general view of what
to expect from regression analysis. For most vegetation
variables, no relationship with distance from the edge was
observed (Figure 2). For vegetation variables of arboreal
Figure 2. Boxplot of plant community variables for the canopy layer (arboreal stratum, trees with DA30cm ≥ 5 cm), subcanopy layer
(intermediate stratum, young trees and shrubs with 1 cm ≤ DA30cm < 5 cm), subshrubs, native grasses, exotic grasses and bare soil,
categorised by the distance from the edge of a cerrado fragment, south-eastern Brazil.
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and intermediate strata, despite the lower values recorded
at the edge of the fragment (0 m) only a small variation in
terms of median values was observed as a function of
distance from the edge.
Thus, we did not observe differences among distances,
nor any relationship to distance from the edge, for either
structure (density and basal area) or richness for either
the arboreal or herb–shrub strata. However, density
(Figure 3a – distr: normal, P < 0.01) and richness (Figure 3b
– distr: normal, P < 0.01) of the subshrub stratum increased
logarithmically as a function of distance from the edge. On
average, from the edge to the interior of the fragment, we
found an increase in density from 8228 to 46,171 ind·ha−1 and
richness of subshrubs between 4 and 12 species per plot.
Among the parameters of vegetation cover, only native
(distr: BEinf, P < 0.01) and exotic grasses (distr: BEinf,
P < 0.01) were related to distance from the edge. Cover of
native grasses presented a logarithmic increase from the
edge to the interior of the fragment (Figure 4a – distr:
normal, P < 0.01), while the cover of exotic grass dis-
played the opposite pattern – exponential decay from edge
to interior (Figure 4b – distr: normal, P < 0.01).
Microclimate and distance from the edge
Microclimatic variables showed little or no relationship
with distance from the edge of the fragment. Median values
of microclimatic variables were similar among distances
within the fragment, and between the fragment and the
matrix (Figure 5). Despite slight variations, we observed a
larger dispersion for some values recorded within the frag-
ment as indicated by the median values of the amplitude of
temperature in the dry season. This variation is probably
related to the natural mosaic structure of savanna ecosys-
tems, with clustering of trees and shrubs in some locations
that modify the microclimate at a local scale.
The largest difference between the matrix and fragment
was observed for PAR which, at 10 cm above ground, was
about twice as high in the matrix (981.5 µmol·s−1·m−2)
compared with average PAR within the fragment
(446.9 µmol·s−1·m−2). Note that at a height of 10 cm above
ground, the values of PAR were slightly higher deep within
the fragment than close to the edge, where dense coverage by
U. decumbens exists. At 100 cm above ground, free from the
inﬂuence of the invasive grass, the observed difference was
smaller: 1021.0 µmol·s−1·m−2 in the matrix and
Figure 3. Adjusted models for density (A) and richness (B) of subshrubs as a function of distance from the edge of a cerrado fragment,
south-eastern Brazil.
Figure 4. Adjusted models of cover by native (A) and exotic (B) grasses as a function of distance from the edge of a cerrado fragment,
south-eastern Brazil.
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729.8 µmol·s−1·m−2 within the fragment. Even considering
the inﬂuence of exotic grass close to the edge at 10 cm above
ground, we observed no differences in PAR radiation within
the fragment according to distance from the edge.
For most microclimatic variables (except for two rela-
tive humidity variables), there were small differences in
median values among different distances, but this variation
was not related to the distance from the edge. Of the six
microclimatic variables analysed for relative air humidity,
only two showed a signiﬁcant relationship with distance
from the edge: minimum relative air humidity in the rainy
season (Distr: BCT, P = 0.02) and maximum relative air
humidity in the dry season (Distr: BCT, P < 0.01).
However, the ﬁt of the relative humidity models was
weak due to the large dispersion in values recorded for
distinct plots at the same distance from the edge.
Considering the median values, the variation in edge distance
can be considered small. The minimum relative humidity in
the rainy season never differed by more than 10% among
distances (Figure 6a) and the maximum relative air humidity
Figure 5. Boxplot of microclimatic variables comprising photosynthetically active radiation (PAR), maximum (Max), minimum (Min)
and daily range (Amp) of air temperature (T) and relative humidity (H) categorised by distance from the edge of a cerrado fragment,
south-eastern Brazil.
Figure 6. Models for the minimum relative humidity in the rainy season (A) and maximum relative humidity in the dry season (B) as a
function of distance from the edge of a cerrado fragment, south-eastern Brazil.
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in the dry season showed a linear trend inversely proportional
to the distance from the edge (Figure 6b). The average
extremes between the matrix and the interior of the fragment
differed by less than 3%.
Factors inﬂuencing the subshrub stratum
The predictors for density of subshrubs chosen from the
stepwise procedure were cover of exotic grasses, minimum
relative humidity during the rainy season (H Min Rain)
and distance from the edge of the fragment. Predictors for
richness of subshrubs were maximum relative air humidity
in the dry season (H Max Dry), cover of exotic grasses and
distance from the edge. Despite the relationship between
relative humidity and distance from the edge, neither vari-
able explained the patterns observed for density (Distr:
BCT, P = 0.10) and richness of the subshrub stratum
(Distr: BCT, P = 0.15). The cover of exotic grasses was
the only signiﬁcant predictor of these variables, being
inversely correlated with the density (Figure 7a – Distr:
BCT, P < 0.01) and richness of subshrubs (Figure 7b –
Distr: BCT, P < 0.01).
Discussion
Edge effect on savanna ecosystems
Of the possible edge effects mentioned by Murcia (1995)
for forest ecosystems, in cerrado fragments exposed to
cleared matrices there are neither abiotic effects due to
microclimate nor direct biological effects, such as changes
in the tree plant community. However, in the cerrado, we
found a strong and meaningful indirect biological edge
effect related to invasion by African grasses. The cerrado
provides similar conditions that these invasive species
have in their native ranges (Baruch 1996). As invasive
plants, they modify interactions among native plant spe-
cies and other ecological processes.
The absence of edge effects on trees and shrubs in this
study agrees with the few existing studies on edge effects
on savanna vegetation in Brazil, as observed by Queiroga
and Rodrigues (2001) for woodland cerrado in the state of
Maranhão, and by Santos and Santos (2008) for the
shrubby caatinga in Paraíba State. In both cases, no
changes in richness or plant community structure that
could be related to edge effects were observed. However,
the absence of components other than woody plants and
the short time after isolation in such studies do not allow
reliable conclusions about edge effects on those plant
communities.
Our results indicate that the plant community of cer-
rado stricto sensu inserted in an open matrix does not
experience signiﬁcant impacts triggered by microclimate
changes near the edge of the fragment, due to the absence
or non-signiﬁcance of microclimatic variations. However,
differences in density and richness of subshrubs and
ground cover by native or exotic grasses were strongly
correlated with distance from the edge. Furthermore, we
observed that the closer to the edge, the higher the cover-
age by invasive grasses and, as a consequence, the lower
the coverage by native grasses and subshrubs. If we reject
the possibility that the plant community was inﬂuenced by
microclimate, relationships between plant community
structure and distance from the edge must have been
driven by other factors, of which the invasion process in
edge habitats stands out as a strong and leading biotic
factor to be considered.
Invasion as an inducer of edge effect
The invasion by African grasses in the study area was facili-
tated by the adjacent pasture matrix, whereU. decumbens has
been cultivated for at least three decades as it has been across
the whole cerrado biome (Klink and Machado 2005). The
loss of subshrubs and ground cover observed in the native
plant community was directly related to the invasion, confer-
ring an indirect biological effect of cerrado edge exposure to
the inﬂuences of the matrix.U. decumbens dominated the ﬁrst
20 m from the edge into the fragment, decreasing to practi-
cally zero cover at 80 m from the edge. This pattern conﬁrms
observations made in other fragments of cerrado (Pivello,
Carvalho, et al. 1999; Durigan et al. 2007; Hoffmann and
Haridasan 2008), indicating a strong association between
Figure 7. Models for the density of subshrubs stratum (A) and number of species of subshrubs recorded in a plot (B) as a function of
percent cover of exotic grasses in a cerrado fragment, south-eastern Brazil.
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fragmentation and invasion by African grasses, since the
exposed edges are the main entry point for the invaders.
The African grasses Melinis minutiﬂora and U. decum-
bens are present in virtually all fragments of cerrado in
Brazil (Pivello, Shida, et al. 1999), dominating large por-
tions of fragmented areas and outcompeting native grasses
and forbs (Klink 1994; Pivello, Carvalho, et al. 1999).
Durigan et al. (2007), analysing 81 fragments of cerrado
in the state of São Paulo, found that 72% of the fragments
were partially or wholly invaded by alien grasses. Invasive
grasses can alter the plant community directly or indirectly
through competition or by acting as a barrier, changing
environmental conditions or the availability of resources,
and changing the dynamics of natural vegetation
(Hoffmann and Haridasan 2008).
Other studies have also identiﬁed negative impacts of
invasion by exotic grasses on herbaceous or shrub species
(Pivello, Carvalho, et al. 1999; Almeida-Neto et al. 2010).
Another negative impact due to invasion by exotic grasses is
related to the increase in grass biomass, altering the natural
ﬁre regime and facilitating the occurrence of more intense
ﬁres in invaded areas (Hughes et al. 1991; D’Antonio and
Vitousek 1992; Mistry and Berardi 2005). Although impacts
of invasion on shrubs and trees were not detected in our study
site, we believe that the same inhibitory effects of African
grasses on subshrubs could eventually extend to tree and
shrub seedlings, altering the dynamics and processes of
succession in cerrado communities. Since the invasion by
African grasses over the study area is relatively recent (less
than 40 years), it is likely that most individuals of the upper
and intermediate stratum have established before the inva-
sion. Thus, detection of the impact of the invasion on struc-
ture and composition of these strata may take some time.
Structural contrast between the matrix and fragment
In contrast to results observed when forest edges are
inﬂuenced by deforested matrices, microclimatic condi-
tions were very similar between the cerrado fragment
and the matrix. At the edge, microclimatic conditions did
not differ from the interior of the fragment. The absence of
edge effects on the plant community related to microcli-
mate may be attributed to two common characteristics of
cerrado and other savanna ecosystems: (1) structure and
physiognomy more permeable to ecological ﬂows from
the matrix; and (2) better adaptation and physiological
tolerance of cerrado plant species under conditions of
high abiotic stress, such as those arising from the creation
of edges.
The most comprehensive studies examining microcli-
mate in transition areas between forest ecosystems and
deforested areas were developed by Chen et al.
(1993, 1995) in forests of Douglas ﬁr in the USA. They
demonstrated that the daily averages of soil and air tem-
perature, wind velocity, shortwave radiation and soil and
air moisture are consistently different between forested
and deforested areas. Among various features such as
landscape composition and edge orientation, the authors
highlight that the stark contrast of the edge between
forested and deforested areas can signiﬁcantly inﬂuence
the ﬂows of energy and matter balance near the ground
due to differences in forest cover. They found that the
removal of overstory vegetation compromised canopy
ability to buffer the understory (Chen et al. 1999). Solar
radiation, in particular, is very sensitive to changes in
vegetation structure (Matlack 1993) or overstory canopy
(Chen et al. 1999; Harper at al. 2005). Kapos (1989),
studying edge effects in forest fragments with homoge-
neous canopy in the Amazon, recorded PAR values seven
times higher at the forest edge compared with the interior.
In the cerrado stricto sensu studied, where the canopy
cover is about 50%, PAR values within the fragment
corresponded to half the radiation recorded in the matrix
at 10 cm above ground and 75% at 1.00 m above ground.
The importance of contrasting structure and composi-
tion between two adjacent ecosystems as a modulator of the
edge effect was also highlighted by Didham and Lawton
(1999), Laurance et al. (2002), Cadenasso et al. (2003) and
Harper et al. (2005). According to these authors, the ﬂow of
energy between ecosystems is mediated by structural con-
trast between the matrix and fragment, where the higher the
contrast, the greater the energy ﬂow (Laurance, Didham,
et al. 2001) and the magnitude and extent of edge inﬂuence.
In this sense, the ﬂows are related to the degree of perme-
ability of the border (Strayer et al. 2003). Even considering
structural differences (density and height) between the pas-
ture matrix and the cerrado stricto sensu, these differences
are not enough to cause signiﬁcant changes in ﬂows
between the matrix and the interior of the cerrado stand.
Thus, when no signiﬁcant differences in energy or material
ﬂows are observed in two adjacent ecosystems, no edge
effect is expected as a response to microclimate changes
(Ries et al. 2004).
The variations in microclimate within the cerrado frag-
ment are better explained by the mosaic of structure and
biomass that occurs at the micro scale in savanna vegeta-
tion (Breshears 2006) than by the ﬂows between matrix
and fragment. The canopy cover of isolated or clustered
trees and the gaps among them create highly variable
micro-environments in the savanna (Belsky and
Canham 1994). This structural mosaic nature can explain
the wide range of values observed for microclimatic vari-
ables recorded at the same distance from the edge of the
fragment, often broader than with increasing distance into
the interior.
Chen et al. (1993, 1995) also emphasise that deforested
areas receive more direct radiation and precipitation, lose
more longwave radiation and have higher evaporation rates
than the adjacent forested area. As a result, the conditions in
open areas are typically sunnier, warmer, drier and windier
in the environment outside the forest than within it. High
radiation, high temperature and low humidity, however, are
common features in the cerrado (Franco and Lüttge 2002),
as they are in the pasture matrix.
Another feature that may explain the absence of an
edge effect on cerrado vegetation is the adaptation of the
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native species to stress conditions. The plant species of
savannas present a series of adaptations to environmental
stress that guarantees their establishment and growth even
under extremely low water availability, low air humidity
and intense solar radiation (Franco and Lüttge 2002). Such
conditions are related to edge effects at forest edges;
however, these are common features in cerrado stands
regardless of whether they are fragmented or not.
Implications for ecology and conservation
Despite the fact that the presence of pasture matrix is
predominant across the whole cerrado biome, the absence
of replicate stands in other climatic conditions, vegetation
types and disturbance regimes within the cerrado does not
permit the extrapolation of the results of this study without
restrictions. In addition, by collecting microclimate data at
50 cm above ground we did not detect environmental
variations which might exist close to the surface, where
changes in the vegetation due to invasion were observed.
The two periods of microclimate data collection were short
and do not represent extreme conditions that can be of
importance in the community assembly. Similarly, analysis
of other microclimatic variables (e.g. wind speed, soil
temperature) and other components of biodiversity (e.g.
plant species composition and micro-organisms) could
also indicate relationships and processes not detected in
this study. Further studies and new approaches for savanna
ecosystems are thus recommended.
In spite of the limitations highlighted above, we may
postulate that the absence of edge effects in cerrado vege-
tation – as demonstrated in this study – suggests that the
current knowledge on edge effect in forest ecosystems
does not apply to stands of cerrado vegetation.
Therefore, management and policies aimed at biological
conservation in fragmented landscapes should be speciﬁc
to each biome. If changes in the plant community of
cerrado fragments were not induced by microclimatic gra-
dients, it would not be necessary to exclude the edge when
estimating the effective area of habitat within a fragment,
at least for plants. This would be a highly positive ﬁnding
for conservation of savanna ecosystems, if no other impor-
tant consequences of fragmentation exist.
In addition to the genetic consequences of isolation on
plants and animals, invasion by exotic species, which
usually starts from the edges of cerrado fragments, leads
to a gradual erosion of plant diversity and jeopardises the
persistence of native species in the long term. All adverse
effects of biological invasion highlighted in this study will
be magniﬁed if the invaders advance towards the core area
of remnants. Prevention and control of biological inva-
sions are therefore priority issues for cerrado conservation,
and the relevance of such measures increases in fragmen-
ted landscapes.
Unlike the fragment analysed, most remnants of cer-
rado are not protected by law from deforestation. These
fragments are subject to frequent and increased anthropo-
genic disturbances when surrounded by pasture, agricul-
ture, roads or urban matrices (Durigan et al. 2007).
Anthropogenic pressure on cerrado fragments can cause
additional effects on the plant community that were not
analysed in this study, such as changes in dispersal strate-
gies as a function of distance from the edge (Jardim and
Batalha 2009).
Even though remnants of savanna are less susceptible
to abiotic inﬂuences from the matrix, the edge effect is
only part of the various implications resulting from land-
cover change and fragmentation (Fahrig 2003; Fischer and
Lindenmayer 2007). The small size and degree of isolation
remains one of the biggest challenges for conservation of
savanna fragments, as it is for other biomes, leading to
changes in species richness, population number and size,
density and shape and interrupting the ﬂow of genes and
species (Templeton et al. 1990; Saunders et al. 1991;
Fahrig 2003). Efforts to protect the few remaining frag-
ments and to contain and minimise the invasion process,
especially in areas of this biome that are already protected,
are the most important actions to ensure the conservation
of biodiversity in the cerrado.
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